The oral poliovirus vaccine largely contributed to the nearly complete disappearance of poliovirus-caused poliomyelitis. Being generally safe, it can, in some cases, result in a paralytic disease. Two types of such outcomes are distinguished: those caused by slightly diverged (Sabin-like) viruses on the one hand and those caused by significantly diverged VDPVs on the other. This classification is based on the number of mutations in the viral genome region encoding a viral structural protein. Until now, only sporadic poliomyelitis cases due to Sabin-like polioviruses had been described, and in distinction from the VDPV-triggered outbreaks, they did not require broad-scale epidemiological responses. Here, an unusual outbreak of poliomyelitis caused by a Sabin-like virus is reported, which had an exceptionally high disease/infection ratio. This outbreak blurred the borderline between Sabin-like polioviruses and VDPVs both in pathogenicity and in the kind of responses required, as well as underscoring important gaps in understanding the pathogenicity, epidemiology, and evolution of vaccine-derived polioviruses.
A s a result of the implementation of the Global Polio Eradication Initiative launched by the World Health Organization (WHO) in 1988, the worldwide incidence of paralytic poliomyelitis decreased by approximately 2 orders of magnitude. The success has been due largely to the use of two outstanding vaccines: the Salk inactivated polio vaccine (IPV) and Sabin live oral polio vaccine (OPV). Notwithstanding their obvious merits, these vaccines have drawbacks: the former fails to trigger a robust intestinal immunity and is unable therefore to prevent transmission of wild polioviruses, whereas the latter can be associated, although quite rarely, with cases of paralytic poliomyelitis, a circumstance especially important now that the incidence of the disease caused by wild polioviruses has substantially decreased.
Two situations linked to the OPV-associated polio cases are usually distinguished. The disease may be triggered in vaccine recipients or their contacts by the original or slightly evolved (Sabinlike) vaccine viruses soon after the vaccination (1) . Such cases are referred to as vaccine-associated paralytic poliomyelitis (VAPP).
Other cases might be caused by markedly diverged vaccine viruses after their cryptic circulation or hidden evolution in a single organism before showing up. Such viruses are dubbed vaccine-derived polioviruses (VDPVs) (2) . The current official criterion to classify an OPV-originated virus as a VDPV are the presence of 10 or more mutations in the region encoding the viral capsid protein VP1 for the vaccine serotypes 1 and 3 and at least 6 mutations there for serotype 2 (3) .
The ability to cause the disease appears to be linked, at least to a large extent, to the intrinsic genetic instability of the Sabin strains, which had been deliberately selected to decrease viral fitness through the acquisition of fitness-suppressing, neurovirulence-attenuating mutations (4) . After ingestion by a vaccinee, the virus undergoes evolution starting in its infected organism, and then, if conditions permit, during the subsequent transmission through chains of contacts. This evolution occurs in two steps (5) . The first phase (a few weeks after the vaccination) consists of the rapid elimination of major attenuating mutations by reversions or compensating substitutions and consequent regaining of fitness and neurovirulence comparable to those of the wild polioviruses; intertypic recombination between vaccine serotypes could often take place after the use of trivalent OPV. The second phase involves a more or less linear accumulation of mutations (mostly synonymous), often accompanied by recombination with nonpolioviruses of the enterovirus C species. This phase, eventually leading to the generation of VDPV, is not documented to be associated with a systematic parallel increase in fitness or virulence, although changes of this sort cannot be ruled out.
VAPP cases are known to be sporadic, each one considered to be an independent event (1, 2, 6), whereas VDPVs may cause not only sporadic illnesses in immunocompetent (7, 8) or immunocompromised (2, 9) persons but also outbreaks, sometimes quite large (2, 10) . Because of the latter propensity, VDPVs are attracting special attention of public health authorities, requiring urgent large-scale responses to curb their transmission.
In spite of the generally accepted distinction between VAPPand VDPV-caused cases of polio, the borderline between them is poorly demarcated. Here, we report a small cluster of cases of paralytic poliomyelitis, which was triggered by slightly diverged, Sabin-like, serotype 2 of OPV (i.e., VAPP cases) but was epidemiologically closely reminiscent of VDPV-caused outbreaks. Importantly, this cluster was characterized by an enormously high disease/infection ratio. This study provides new and unexpected information about the poliomyelitis epidemiology (in particular the epidemiology of VAPP), but on the other hand, it underscores significant gaps in our understanding of these topics as well as of the pathogenesis of the disease.
MATERIALS AND METHODS
Origin of samples. Stool samples from the patients and their contacts were collected in the orphanage of the city of Biysk (Altai Region, Russia) in accordance with WHO guidelines (11) .
Virological investigations. Virus isolation from stools and serotyping were performed by standard methods (12) . Intratypic differentiation (ITD) was carried out by enzyme-linked immunosorbent assay (ELISA) with cross-absorbed polyclonal antisera (kindly provided by H. G. van der Avoort, National Institute of Public Health and Environmental Protection [RIVM], The Netherlands) (12, 13) and real-time reverse transcription (RT)-PCR (14) . For sequencing, poliovirus RNA was isolated from the infected cells with the RNeasy minikit (Qiagen) and was reverse transcribed using random hexamer primers (Syntol) and SuperScript II reverse transcriptase (Invitrogen). For VP3-to-VP1 region sequencing and full-genome sequencing, cDNAs of two and eight overlapping genomic fragments, respectively, were amplified by PCR. (The primer sequences are available upon request.) The products were purified with the QiaQuick DNA purification system (Qiagen). Sequencing was performed by using an ABI 3130 genetic analyzer.
Serological analysis.
Poliovirus-neutralizing antibodies in human sera were determined by the microneutralization assay (11) . The analyses were performed by the virological laboratory of the Center for Hygiene and Epidemiology in the Altai Region, Barnaul, Russia.
Bioinformatics methods. The genome sequences were assembled by using Lasergene software (version 7.0.0; DNAStar). Multiple alignments, the estimation of the degree of nucleotide divergence, and construction of phylogenetic trees were performed with the aid of the MEGA6 package (15) . The similarity of the deduced nucleotide and amino acid sequences to the sequences available in the GenBank database was assayed by using BLAST (16) .
Estimation of the age of viral isolates. The estimation of the apparent duration of the evolution of viral isolates after their divergence from Sabin 2 was based on the following reported data: the rate of synonymous replacements per synonymous site within different regions of the viral genome of the consecutive Sabin 1-related viruses isolated from an immunodeficient patient (17) , the rate of synonymous replacements per synonymous third-base codon positions in the genomes of Sabin 3-related viruses from another immunodeficient patient (18) , and the rate of synonymous replacements per synonymous site within the P1 region of wild-type 1 polioviruses descended from a common ancestor (19) . The values of the relevant parameters were either taken from references 18 and 19 or calculated with the aid of the MEGA6 program using the data reported in reference 17.
Nucleotide sequence accession numbers. The nucleotide sequence accession numbers for the sequences submitted to GenBank are KU598883 to KU598891.
RESULTS
The outbreak. In the summer of 2010, four children in an orphanage in Biysk, a city in the Altai Region of Russia, presented symptoms of acute flaccid paralysis (AFP). Vaccine-related polioviruses of serotype 2 were isolated from all of them. Paralysis persisted over 60 days in three patients. Upon the analysis of clinical and virological evidence, the National Commission on Diagnosis of Poliomyelitis and AFP had diagnosed all four of these patients as cases of vaccine-associated paralytic poliomyelitis (VAPP).
The orphanage hosted 115 children under 5 years, separated into isolated groups according to age. The first patient, PT1 (a 1-year-old boy) presented signs of paralysis on 22 July, followed by PT2 (a 16-month-old girl who first showed signs of the disease on 7 August), PT3 (an 11-month-old boy who first showed signs of the disease on August 7), and PT4 (a 10-month-old boy who first showed signs of the disease on 14 August). Before the outbreak, no vaccination with OPV had been carried out in the orphanage since 2007.
All four polio victims had prior histories of numerous diseases. Before presenting the signs of AFP, PT1 was admitted to the orphanage's isolation ward 4 times with respiratory tract infections and bilateral otitis. PT2 had a previous history of 3 admissions to this ward with respiratory infections and varicella. In addition, after the first of these admissions, she was treated for dysmetabolic nephropathy in the Biysk Children's Hospital for 6 weeks. Two other children were also admitted to the orphanage's isolation ward with respiratory infections.
Serological analyses performed twice (Table 1) confirmed that the patients had not been vaccinated against poliovirus before the outbreak. Indeed, all lacked antibodies against serotype 1, and three of them lacked antibodies against serotype 3. The presence of antibodies against serotype 2 was consistent with the infection with the relevant virus. An increase in the antibody titer against this serotype during the disease was demonstrated in two cases. It should be noted that PT2 had received a dose of trivalent IPV on 31 July, which, however, did not prevent the signs of AFP a week later and did not led to the appearance of antibodies to poliovirus serotypes 1 and 3.
Response to the outbreak. In response to the outbreak, two rounds of IPV vaccination were carried out in the orphanage, on 26 July to 4 August and 6 to 10 September, involving 112 and 109 children, respectively. Fecal samples were collected from 91 people: 50 healthy children (1 of whom, PT4, later developed polio) and 41 orphanage staff on 9 to 13 August, and 31 of them gave positive PCR results for the presence of enterovirus RNA. Type 2 polioviruses were isolated from 20 (22%) of these samples.
After the vaccination (on 21 to 23 August and 4 to 6 September), the sera from 106 children were investigated for the presence of neutralizing antibodies. The overwhelming majority (89 children [84%]) possessed antibodies to all 3 poliovirus serotypes (it should be noted that according the official information, the majority of the orphanage children had been vaccinated with IPV also before the outbreak), whereas the rest lacked antibodies to one (1 child negative for serotype 2), two (13 children negative for serotypes 1 and 3), or three (3 children) poliovirus serotypes.
Characterization of the viral genomes. Full sequencing of the genomes of polioviruses isolated early (0 to 6 days) after the onset of the symptoms was performed; a virus isolated from one patient (PT4) 2 days prior to the presentation of the first signs of the disease (genome PT4-0) was also analyzed in this way ( Table 2 ). In addition to their unique mutations, all of these genomes shared 15 nucleotide (nt) differences from the Sabin 2 poliovirus: one substitution in the 5=-untranslated region (5= UTR), 5 mutations resulting in amino acid changes, and 9 synonymous replacements in the protein-coding region. Noteworthy, all of the viruses possessed two known deattenuating mutations, A 481 ¡G in the 5= UTR and U 2909 ¡C in the VP1-coding region (41) . The former is expected to increase the efficiency of translation (42, 43) , whereas the latter resulted in the VP1 amino acid replacement I 143 ¡T, the deattenuating effect of which could hypothetically consist of the stabilization of viral particle through changing the hydrophobic amino acid residue to hydrophilic in the region of the capsid 5-fold axes (44) . Both mutations were very common among viruses excreted by the OPV vaccinees and their contacts ( Table 2) . One additional shared mutation, G 1462 ¡A, resulted in the A 170 ¡T amino acid substitution in another capsid protein, VP2, specifically within antigenic site 2 (45) . The relevance of other common mutations is uncertain.
Importantly, all these early virus isolates (genomes PT1, PT2, PT3, PT4-0, and PT4) harbored only 3 mutations in the VP1-coding sequence and thus should be classified, according to the currently accepted definition (3), as Sabin-like rather than VDPV.
The distribution of mutations (in addition to the 15 commonly shared ones) in these early isolates may be summarized as follows. The PT1 genome had no additional mutations. The PT2 genome exhibited a close similarity to PT1, having only 3 additional nucleotide substitutions, implying their close relationship. The isolates from the two other patients were less related to the PT1 virus, differing from it at 11 positions. The phenotypic effects, if any, of these mutations are uncertain, but it may be noted that the replacements U 156 ¡C, U 398 ¡C, G 5949 ¡A, and G 7405 ¡A are expected to stabilize the secondary structure of domains II and IV of the 5= UTR (46), the RNase L competitive inhibitor RNA (ciRNA) cis-acting element (47) , and the 3= UTR (48), respectively ( Fig. 1) .
The genomes of viruses excreted by PT1 (two isolates) and PT3 (one isolate) during the subsequent course of infection were also sequenced. The virus excreted by PT1 a month after the onset of the symptoms (genome PT1-1) exhibited a strikingly great divergence from the first one: it lacked 10 PT1-specific mutations (including 2 in the VP1-coding region) but possessed 9 new nucleotide substitutions (including one in the VP1-coding region) ( Table 2) . A similarly marked difference distinguished the next isolate from the same patient (PT1-2) obtained still another month later than PT1-1: 3 mutations were lost, and 15 were acquired (Table 2) . Such a significant difference suggests that the viruses with the PT1, PT1-1, and PT1-2 genomes did not comprise a lineage of successive descendants but rather were sister strains, sharing a common predecessor (see below). It may be added that a mutation shared by the PT1-1 and PT1-2 strains, G 3343 ¡A, resulted in an amino acid replacement at capsid protein VP3 position 288, known to be located within antigenic site 3 (45) .
Similarly, the genome of the virus excreted by PT3 a month after the onset of the disease (PT3-1) displayed significant differences from the genome of the original isolate. The PT3 and PT3-1 genomes differed from one another at as many as 23 positions. The sets of mutations distinguishing these two RNAs from PT1 were unique without any overlapping (Table 2) . A mutation in VP2 (N 172 ¡D) and two mutations in VP3 (H 77 ¡Q and T 80 ¡A) targeting antigenic sites 2 and 3b, respectively (45), were among the differences between the consecutive isolates from this patient.
In addition, full genomes of the viruses isolated on 12 to 13 August from two healthy orphanage children were sequenced. The C-1 and C-2 genomes shared with PT1 15 and 6 nucleotide substitutions, respectively, and harbored numerous nonoverlapping mutations in addition (Table 2) . Among the C-1 mutations, there was a 3-nt deletion at positions 2497 to 2499 in the VP1-coding region, resulting in the loss of an amino acid (I 6 ).
Finally, a portion of the poliovirus genome encompassing the VP3-and VP1-coding regions and a 5=-adjacent part of the 2A gene (nt 3385 to 3460) of an additional 17 viruses isolated between 8 and 13 of August from healthy contacts were sequenced (Table  3) . This was done to ascertain to what extent isolates from contacts were related to the isolates from the polio victims. All of the partially sequenced contact isolates contained the whole set of mutations found in this region of PT1, suggesting that they were derived from the latter or had with it a common predecessor. Six of the isolates possessed no other substitutions, whereas the rest had 1 to 4 additional mutations. Nearly all of these mutations were unique, but one genome possessed a substitution present also in C-1, whereas another RNA shared two mutations with PT3, PT4-0, and PT4 (Table 3) . Of note, additional single mutations in the VP1-coding region were detected in 4 genomes, and two mutations were present there in one RNA. Even the latter exceptional genome (C-13), possessing a maximally diverged VP1-coding region (5 substitutions), should still be classified as Sabin-like. Possible relationships among the isolates. The set of the genomes isolated in the orphanage exhibited a quite unusual combination of features. All of them were Sabin-like, implying that they were close descendants of Sabin 2. Judging by the possession of a large number of shared mutations, all of them had a common precursor (genome CP). On the other hand, this set was highly heterogeneous, containing a collection of exemplars differing from one another by numerous mutations. A model of their interrelationships compatible with the pattern of harbored mutation is displayed in Fig. 2 . The most significant features of this model are as follows.
We postulate that the common precursor (genome CP) of all investigated viruses, containing (among other common mutations) both major deattenuating replacements, gave rise to at least two descending lineages. One of them resulted in the generation, through an unknown number of intermediates, of the PT1 genome, which is considered to be a common precursor of the initial isolates from the three other patients. However, the path to these isolates was not straightforward. A short branch led to the PT2 genome, suggesting that the latter received the virus from PT1 either directly or via a small number of intermediate carriers. This notion was in line with the fact that both of these children, although attending different age groups, spent some time (20 to 31 May and 17 to 21 June) together in the isolation ward before the onset of the PT1 disease. On the other hand, the branches leading to the PT3 as well as PT4-0/PT4 genomes appeared to be more extended. The existing data do not permit to define their exact topology, which appeared to be compatible with two different scenarios, both involving the existence of unknown number of intermediates: the PT4-0/PT4 viruses could be descendants of the PT3 virus (or vice versa), or the isolates from the two patients were independent descendants of a common intermediate (Fig. 2) . As noted above, the virus isolated from PT1 a month after the onset of the disease, genome PT1-1, appeared to be not a direct descendant of the initial isolate, genome PT1, but rather was a representative of a distinct lineage originated from the common precursor (genome CP). The isolate obtained from the same patient after an additional month, genome PT1-2, likely belonged to the same branch as the PT1-1 virus but did not appear to be its direct descendant either. Similarly, the genome (PT3-1) of a virus isolated from patient PT3 a month after the first isolate (PT3) did not appear to descend from the latter but rather was a representative of another PT1-derived branch, which also hosted PT2 and a genome (C-1) of a healthy contact.
The above model was also supported by the phylogenetic relationships between strains calculated by the neighbor-joining (NJ) method implemented in the MEGA6 package, although it should be admitted that some branches of the tree are not supported enough statistically (not shown).
The rate of accumulation of mutations. To further characterize the evolutionary time course of the isolates, we attempted to evaluate their apparent "ages" by comparing the rates of mutation accumulation in their genomes with those reported in the literature (17) (18) (19) . It goes without saying that molecular clocks do not work rhythmically enough during relatively short time intervals (especially, if negative/positive selection is involved), and the results of such calculations should therefore be regarded rather cautiously. Nevertheless, the data presented in Table 4 confirmed some of the conclusions described in the preceding section and also suggested the existence of some additional events.
The results indicated that the postulated common predecessor of all of the isolates was indeed a very close descendant of Sabin 2, hardly being even 1 month old. It cannot be excluded that it was a recombinant, since the capsid-coding region of its RNA was calculated to be "younger" than the rest of the genome. (It should be taken into account that the two deattenuating mutations existing in the genome were ignored during the calculations.) In any case, this asymmetry could to some extent contribute to a similar noncongruency of the ages of different genome parts in the most of the CP descendants. As expected, some discrepancies between the calculated ages and the real timing of virus isolation were also evident. Thus, the apparent age of the PT3-1 virus was equal to that of the PT3 virus despite the 1-month interval between the dates of their isolation, whereas the capsid-coding region of genome PT1-1 seemed to be even "younger" than this region of the PT1 virus isolated a month earlier. Although such discrepancies could well be due to the above-mentioned inaccuracy of the molecular clocks, they could possibly also be explained by the involvement of recombination, which was especially likely in the origin of genome PT1-1.
DISCUSSION
Genetic structure of the isolates. The genomes of the viruses isolated from the patients early after the onset of the disease displayed a typical pattern characteristic of slightly evolved (Sabin-like) vaccine viruses excreted by the vaccinees or their more or less close contacts. A distinctive feature of this pattern is the loss of attenuating mutations, primarily in the 5= UTR (nucleotide change A 481 ¡G) and the capsid protein VP1 (amino acid replacement I 143 ¡T) (41, 49) . In addition, these viruses acquired an amino acid mutation, A 170 ¡T, in VP2 known to be located within an antigenic site. Some of these genomes also contained additional individual mutations in antigenic sites (Table 5) as well as substitutions stabilizing the structure of the 5= UTR (46) and 3= UTR (48) as well as a cis-acting element in the coding region reported to exhibit anti-RNase L activity (47) (Fig. 1) . Although some fitnessenhancing effects of at least some of these mutations cannot be ruled out, we are aware of no reports that any of them (except the two mentioned in the beginning of this paragraph) could markedly increase pathogenicity or transmissibility of the virus. It would be quite interesting if further studies show that certain of these mutations are nevertheless linked to high pathogenicity.
It should perhaps be specified that the investigated viruses were all derived from stools and might not represent what was in the central nervous system (CNS). However, the simultaneous independent appearance of an unusually pathogenic mutation in the CNS of 4 children in a close community seems rather unlikely.
Heterogeneity of the viral isolates and peculiarities of the transmission path. Genome sequencing of the viruses isolated from the patients and their contacts allowed us to suggest a likely chain of virus transmission (Fig. 2) . This chain reveals a peculiar pattern that includes some quite uncommon aspects. Given the recent common origin, the very small population of hosts (ϳ100 persons), their living/working in a single orphanage, and the short time interval of isolation, the population of polioviruses circulating there exhibited a striking genetic heterogeneity, as revealed by the full genome sequencing (Table 2) . Indeed, there were at least two independently evolving branched lineages, with the most diverged isolates differing from one another in as many as 44 nt positions. Partial sequencing of the capsid-coding region (Table 3) a The letters a, b, and c correspond to the ages calculated using the parameters or sequences reported in references 17, 18, and 19, respectively. b The CP genome was assumed to be represented by the Sabin 2 RNA with 6 acquired mutations (Fig. 2) .
vided additional evidence for unusual heterogeneity of the local viral population. Such a pattern was likely due to the involvement of numerous bottlenecking situations during the virus transmission within a close community lacking sufficient intestinal immunity to the virus, resulting in haphazard picking up of small minority populations from inherently heterogeneous (quasispecies) viral communities. Interestingly, there were several discrepancies between the timing of isolation of the viruses and calculated "ages" (the time intervals after their divergence from the parental Sabin 2) of their genomes or parts thereof (Table 4) . Partly, such incongruences could be due to the inaccuracy of the molecular clocks within short time periods. However, multiple recombination events between viruses belonging to different lineages/branches might also be involved. Such a possibility is supported by the acquisition of identical mutations (having no known adaptive properties) at different stages of evolution of viruses belonging to separate lineages (Table 2) . Which (if any) of these recombination events resulted in an increase of viral fitness remains unknown. However, their contribution to the diversification of the viral populations, generating a rich soil for further evolution, seems quite significant.
Another unusual feature of the investigated outbreak was the replacement of an intestinal population by another independent population, both of which are OPV derived. Indeed, the PT1-1 genome belonged to a distinct lineage compared to the PT1 genome, while PT1-2 did not appear to be a direct descendant of PT1-1, as evidenced by its lacking 3 and acquiring 15 nt substitutions (Fig. 2) . These facts demonstrated again cocirculation of different viral populations in a closed community and suggested that these populations exhibited different levels of fitness. However, the only mutation distinguishing PT1-1 from PT1 virus having a known phenotypic significance was amino acid change D 288 ¡N in antigenic site 3b of VP1. This mutation, however, could hardly be solely responsible for the apparent PT1-1 advantage. Among mutations distinguishing PT1-2 from PT1-1, there was also a single one with a known effect, namely, that affecting the secondary structure of the cis-acting element capable of suppressing the activity of the host defensive enzyme RNase L. To what extent this mutation could confer a significant fitness gain is uncertain. A similar pattern was displayed by another pair of isolates, namely, the viruses excreted by PT3 with a monthly interval. The genomes PT3 and PT3-1 clearly belonged to different branches of a lineage, and among numerous genetic distinctions, there were some with known or likely phenotypic effects. Thus, PT3-1 virus had one and two amino acid replacements in antigenic sites 2 and 3b, respectively (Table 5) , which potentially might facilitate its reproduction in the PT3 intestine with already partially raised mucosal immunity. On the other hand, PT3-1 virus was devoid of the mutations present in PT3 virus that could stabilize the secondary structures of the RNase L-suppressing cisacting element and a domain in the 3= UTR.
Thus, it remains enigmatic why the colonization of the vaccinees' gut by other OPV-derivative of the same serotype could occur and why the newcomers could outcompete the direct descendants of the originally received viruses. It is also unknown whether such changes resulted from reinfections or from a kind of "struggle for the survival of the fittest" among the members of inherently heterogeneous original populations.
VAPP-versus VDPV-triggered paralytic disease. As indicated in the introduction, the two conditions described above, while both being caused by OPV-derived viruses, are considered to differ from one another in at least two respects: the level of divergence of their causative agents from the Sabin strains as well as their epidemiological characteristics. The cluster of diseases described here was caused by closely related variants of the OPV-2 virus (three mutations in the genome region encoding the capsid VP1 protein). Hence, this cluster should be regarded as a bona fide VAPP outbreak. This seems to be quite an unusual situation since, as far as we are aware, only sporadic, independent cases of VAPP have been described previously (1, 6) . The ability of Sabin-like viruses to trigger outbreaks of poliomyelitis demonstrated here blurred the borderline between the VAPP-and VDPV-caused paralytic disease. In fact, the former may be considered a subset of the latter, the more so as in order to curb outbreaks of VAPP, epidemiological measures identical to those aimed to stop VDPV outbreaks can be required.
It seems obvious that one of the conditions required for the emergence of the outbreak caused by OPV derivatives is the existence of a large enough cohort of people nonimmune against poliovirus. VAPP cases are usually classified into 3 categories: those in the recipients of OPV and those in the known contacts of the vaccinees, as well as so-called "community-acquired" cases, when the primary virus-shedding person is not known (6). The cluster described here belonged to the latter category. It would be important to know how large the relevant community of people susceptible to polio was and how broadly the OPV-derived virus was spread. We have only partial answers to these questions.
The lower limit of the size of the community susceptible to polio is less than 100 of the orphanage inhabitants (since a significant part of this community had been immunized with IPV before the outbreak). No information is available on whether the susceptible community was really significantly larger. We do not know the primary vaccinee, who excreted the progenitor of the (Fig. 1D) 3= UTR G 7405 ¡A Stabilization of oriR structure (Fig. 1C) viruses circulating in the orphanage. Nor is the route of transmission between this initial excretor and the victims of the disease known, although the involvement of either orphanage personnel or contacts in the hospital seems quite plausible. Although the availability of a susceptible cohort is a necessary condition for the emergence of an outbreak, it is not a sufficient one, as is discussed below.
Disease/infection ratio. It is known that less than 1% of immunocompetent but nonimmune persons infected with wild polioviruses develop the paralytic disease, whereas this value may be as low as 0.05% for serotype 2 (50). The incidence of VAPP is several orders of magnitude more rare, and being different in different countries may be as low as less than 1 case per million doses of OPV (1). In the example described here, this ratio was unprecedentedly high. Notably, as mentioned above, the majority of the orphanage children were reported to have been previously vaccinated with IPV. The fact that judging by the presence of the virus or its RNA, at least 23 of them (out of 53 investigated) were infected with the Sabin-like virus was in line with the known inability of IPV to curb poliovirus circulation, while efficiently preventing the disease (51). However, four unvaccinated children of this mostly vaccinated small community developed VAPP, demonstrating a uniquely high disease/infection ratio, markedly exceeding that for the wild poliovirus. Admittedly, given that some unknown number of people outside the orphanage also were likely to be nonsymptomatically infected, this ratio could be somewhat overestimated. However, it seems to remain exceptionally high.
Although our understanding of the nature of the viral genomic features responsible for the neurovirulence is obviously incomplete, there is no clear evidence or even substantiated speculation that the viruses circulating in the orphanage were peculiar in this respect. The virus did find its way to the orphanage from somewhere outside-e.g., from personnel of the hospital to which some children had been admitted before the outbreak. Nevertheless, no polio cases outside the orphanage had been reported, suggesting that the situation in the orphanage was in some unknown aspects quite special.
Several potentially contributing factors may be considered. Undoubtedly, an important circumstance was the fact that the polio victims (and possibly some of other orphanage children) had not been vaccinated before the outbreak. However, when any antipolio vaccination was cancelled for 3 years (1963 to 1966) in a district of Belorussia with a population of around 160,000, this resulted in a widespread circulation of vaccine-related viruses of three serotypes. Nevertheless, no paralytic diseases have been reported (27) . Similarly, introduction of a cVDPV-1 in an unvaccinated community in the United States resulted in a single case of polio (in an immunocompromised child) (9) .
Other possible risk-enhancing factors may also be mentioned, such as the close interpersonal contacts and poor health of many children. These factors are, however, surely not exceptional for this orphanage. An analysis of incidence of VAPP in Romania suggested that intramuscular injections soon after the receipt of the vaccine or contact with vaccinees might be a risk factor increasing the likelihood of the disease (52) . No information is available on whether this procedure was implemented in the Biysk orphanage during the VAPP outbreak. Although a contribution of this factor cannot be completely ruled out, its decisive role is hardly likely because the reported increase in the probability of triggering the disease in Romania was not so great and also even such an increase is not a common phenomenon, not being documented in the United States (53) . Also, the possibility that the reaction of the patients to the infection with a Sabin-like virus was exaggerated by coinfection with another virus/microbe cannot be excluded. In this regard, it may be noted that coinfection with an OPV-derived poliovirus increased the severity of the enterovirus 71-triggered disease (54) . However, it should be admitted that we are unable to provide any evidence-based explanation for the unusual disease/infection ratio during the Biysk outbreak.
Concluding remarks. This article describes a small outbreak of paralytic poliomyelitis caused by slightly diverged derivatives of OPV (Sabin-like rather than VDPV, according to the current nomenclature). It strengthens the view that there is no clear borderline between the VAPP and VDPV-triggered diseases. This is not a merely semantic issue, since the lack of substantial differences means that both situations may demand similar epidemiological responses. The unusually high, if not unique, disease/infection ratio observed in this orphanage remains unexplained and underscores the existence of important gaps in our understanding of pathogenesis and epidemiology of poliomyelitis. The outbreak represents additional evidence that orphanages and similar institutions may represent zones of enhanced risk (see also references 7 and 33) requiring special attention from the health authorities. Finally, the fact that the VAPP outbreak was caused by a derivative of Sabin 2 virus has direct relevance to the planned removal of this virus from the OPV and replacement of the trivalent OPV by a bivalent (types 1 and 3) one (55, 56) . On the one hand, the Biysk outbreak may be considered an additional argument in favor of such plans. On the other hand, this outbreak demonstrates a significant hazard associated with the existence of even relatively small cohorts nonimmune against this poliovirus serotype. In our view, the optimal solution of this uncertainty would be not simply stopping the use of Sabin 2 virus but rather replacing it with an alternative, a safer live vaccine virus of the same serotype or nonlive vaccine able to mount intestinal immunity, rendering its recipients unsusceptible to the infection and unable to be cryptic carriers in transmission chains.
